f erofotie2a!ra,+D esatas, (1) aJ, and e; (i:1,2,3) are annihilation creation operator and electron energy Effects of reservoir in electrodes on double barrier tunneling structures are investigated theoretically. It is found that there is a quantum transitioniegion around the bouidary between thi quantum transport and theieservoir regions. Th6 double barrier tunneling can be considered as a coherent effect when the electron transfer rate t is larger than the damping rate 7, while it is a sequential tunneling process when 7 dominates over t. It is also fou"nd that'the best frequency responre cantri obtained in the structure 'y * t.
I. Introduction
Tunneling phenomenain double barrier diode structuresl) have been attracting much interest both theoreticallyz's'+; and experimentaly5). Although the tunneling is .a quantum mechanical phenomena, effects of reservoir on this system, which determines electron coherence, have not been considered sufficiently. Whether the double barrier tunneling is a coherent effect or a sequential tunneling is still controversial. In the present paper, we theoretically make clear the reservoir effects on the coherence and dynamic properties of the resonant tunneling.
II. Quantum transition approach
We propose a new theoretical approach, which is based on the fact that the electrons are separated to three regions I, II and III as shown in Fig.l in respective regions. 7n and Ty are transfer energies. We here assume that the electrons in electrodes I and III are subjected to different reservoirs and are thermalized differently, while electrons in II are not directly affected by any reservoirs. These reservoir interactions give rise to the damping of p;,i to its locally equilibrium states with a damping constant 1;,j. The motion of p;,i is then expressed by, % -!1H."o,, p);,i * 7;,i(F;6;,i -p;,i), Q) dt hL-where 4 is a quasi Fermi distribution functions of electrons in each region. According to Eq.(2), we can see that the double barrier tunneling is similar to the quantum transition from the excited states of the three energy level system to the ground state as shown in Fig.2 . Tunneling currents are related to the off-diagonal elements p1,2 and p2,3, which correspond to dipole operators in the three level system. For simplicity we restrict ourselves to the case where 'ftt : ?gg : 7 and lzz : 0. Then we get the relations 1,tz: ^fzs:7f2 ar,d.f1. : ^1. Since Eq.(Z) is a linear equation system, we can solve it straightforwardly to give the coherence properties of the tunneling phenomena.
III. Coherence properties
In the Wigner function approach3,a) for the resonant tunneling phenomena, reservoir effects were taken into account by using "boundary conditions.t' However, the boundary between the quantum transport region and the reservoir region is not clear. Detailed electronic structure around the boundary is, therefore, investigated.
In the present paper, calculations were made for GaAs/Alo.gGao.zAs resonant tunneling diode with well and barrier widths of 50 and 30 A, t"spectively. Figure 3 shows the electron density distribution near the barrier in the electrode I. Electrons are accumulated around the boundary. In addition to this, quantum oscillation is seen when the resonant tunneling condition is fulfilled (F -200 *V). Figure The damping of this oscillation in the electrode I is determined by the damping constant 7p fior the ofi-diagonal element of p. Thus, we can say that there exists a quantum transition region near the boundary inside the reservoir region. The coherent interaction length L" can then be defined by the size of the quantum transition region. Figure 5 shows the correlation function for electrons near the barrier in I. The larger value for the damping rate 7 causes the decrease of the electron coherence, which gives rise to the decrease of L". According to the above results, it is seen that, since the resonant tunneling is a quantum mechanical, non-Iocal phenomenon, we cannot expect abrupt transition from the quantum transport region to the reservoir region. In analyzing quantum transport phenomena, we must take into account the existence of the quantum transition region inside the reservoir, where both coherent and incoherent interactions are occurring simultaneouly.
The static tunneling current shows resonance curve with respect to the applied electric field.
The peak tunneling current of the resonance curve and its resonance width are calculated as shown in Fig.6 as a function of the damping constant ?. In the smaller 7 region, peak current is constant. Tunneling in this region is considered to be a coherent resonant tunneling. When 7 exceeds around 1grsr".-1, which corresponds to the electron transfer rate t (-Tt,lh -TnlTr) in the present structure, the peak current decreases and the resonance width increases. This corresponds to a partially incoherent, sequential tunneling region. It is worth while noting that the incoherence of the tunneling stems from the reservoir interaction outside the quantum well through non-local effect of the electron transport. A transition occurs from a coherent tun-neling region to a sequential tunneling region, when 7 is comparable to the electron transfer rate l.
From the device application stand point, frequency response is very important, which is also affected significantly by the reservoir interac-t<-Lc 
IV. Conclusion
A new theoretical approach for the analysis of the double barrier resonant tunneling is proposed, which is suitable to reveal the coherence properties of the tunneling electrons. Using this method, effects of reservoir in electrodes are investigated. It is found that there is a quantum transition region with a length of. L" around the boundary between the quantum transport region and the reservoir region. The double barrier tunneling can be considered as a coherent effect when the electron transfer rate i is larger than the damping rate 7. When 7 dominates over t, sequential tunneling process increases and the peak tunneling current decreases. It is also found that the best frequency response can be obtained in the structure 1 -t. 
